Euseius nicholsi (Ehara & Lee), E. sojaensis (Ehara), and Gynaseius santosoi (Ehara) are reported for the first time from Taiwan. The new records were re-described based on Taiwanese specimens collected from various plants. In addition, a new species, E. oolong sp. nov., was described and illustrated. Identification keys for Taiwanese species of Euseius Wainstein and world species of genus Gynaseius Wainstein are provided.
Introduction
Phytoseiid mites have been intensively surveyed in Taiwan during the past several decades (Ehara 1970; Lo 1970; Tseng 1972; 1973; 1975; 1976; Chang & Tseng 1978; Tseng 1983; Ho & Lo 1989; Ho et al. 2003 ) because of their potential as biological control agent McMurtry et al. 1970; . Knowledge regarding the fauna of Phytoseiidae in Taiwan is still increasing, with detailed investigations conducted by the present authors. To date, 59 species have been recorded from Taiwan and neighboring islands (Ehara 1970; Lo 1970; Tseng 1972; 1973; 1975; 1976; Chang & Tseng 1978; Tseng 1983; Ho & Lo 1989; Ho et al. 2003; Liao et al. 2017a; 2017b; 2017c) .
The genus Euseius Wainstein is a large genus in the subfamily Amblyseiinae with about 190 valid species (Demite et al. 2018) . In general, Euseius species are recorded in tropical and subtropical areas, especially in Africa (approximately 35% of total species) (Moraes et al. 2001; Chant & McMurtry 2005; 2007) . Euseius species are considered to be pollen feeding generalist predators with type IV feeding habits (McMurtry et al. 2013) . Some of them, such as E. scutalis (Athias-Henriot), may survive in the absence of prey by sucking plant tissues (Nomikou et al. 2003; Adar et al. 2012) . Several studies have noted the biological potential of Euseius species to control small agricultural pests (Döker et al. 2014; Lopes et al. 2015; Liao et al. 2017a; De Alfaia et al. 2018) . Among them, E. gallicus Kreiter & Tixier has been used commercially for whiteflies and thrips control (Biobest, 2018) . In a decade-long survey conducted by the authors of the present study, six species-E. aizawai (Ehara & Bhandhufalck) , E. circellatus (Wu & Li) , E. daluensis Liao & Ho, E. macaranga Liao & Ho, E. ovalis (Evans) , and E. paraovalis Liao & Ho-were found in Taiwan (Liao et al. 2017a ).
visible on the dorsal shield. Peritreme extending to level of setae z2. Sternal shield with three pairs of setae; ventrianal shield bearing three pairs of pre-anal setae, JV1 migrate next to JV2, with solenostomes. Fixed digit of chelicera with five teeth; movable digit with one tooth. Calyx of spermatheca short and cup-shaped with distal half only lightly sclerotized. Leg III and leg IV both with three pair of macrosetae; genu II with seven setae. 
Female (n=6).
A lightly sclerotized mite. Idiosomal setal pattern: 10A:9B/JV-3:ZV.
Dorsum ( Figure 1A ). Dorsal shield laterally reticulated; 328 341 (324-361) long (j1-J5 level) and 237 246 (236-266) wide at level of j6, 221 237 (221-260) wide at level of S4; five pairs of solenostomes on dorsal shield, (gd2, gd4, gd6, gd8, gd9) , seven pairs of lyrifissures (id1, id1a, id2, id4, idl3, idl4, idm5) ; muscle-marks (sigilla) visible on podosoma; length of setae: j1 32 28 (24-32), j3 20 22 (20-25), j4 7 8 (7-10), j5 7 8 (7-11), j6 9 9 (6-11), J2 8 10 (8-12) , J5 6 5 (3-6), z2 12 15 (12-18), z4 11 13 (11-19), z5 6 8 (6-10), Z1 8 10 (7-15), Z4 8 11 (8) (9) (10) (11) (12) (13) (14) (15) (16) , Z5 53 58 (53-63), s4 18 25 (18-36), S2 13 16 (13-18), S4 17 22 (17-27), S5 22 25 (22-29), r3 9 12 (9-15), R1 9 10 (9-13). All setae smooth, except Z5 slightly serrate. Peritreme ( Figure 1A ). Peritreme extending beyond z2 level, peritrematic shield smooth, lightly sclerotized, with one pair of solenostomes (gd3).
Venter ( Figure 1B (9) (10) (11) (12) (13) (14) (15) (16) (17) , Pst 14 12 (9-15) on shield. Setae JV4 11 [10] [11] , ZV3 8 8 (8-8) on interscutal membrane. All ventral setae smooth. Two metapodal plates 23 22 (20-26) long, 4 6 (4-9) wide, 10 10 (9-11) long, 1 2 (1-3) wide.
Chelicera ( Figure 1C ). Movable digit 23 24 (22-26) long, with one tooth; fixed digit 23 24 (23-25) long, anterior half with five teeth, with pilus dentilis.
Spermatheca ( Figure 1D ). Calyx cup-shaped with distal half only lightly sclerotized, 7 6 (5-8) long, 4 3 (3-4) wide, atrium incorporated within the calyx, without neck, with a thin major duct, minor duct visible.
Legs (Figure 2 ). Coxal formula 2-2-2-1. Chaetotaxy (femur to basitarsus): leg I, 2-3/2-2/1-2, 2- This species is recorded in Taiwan and Southern China. However, few specimens have been found. The biological control potential of this species needs further study in the future. (gd1, gd2, gd4, gd5, gd6, gd8, gd9) , seven pairs of lyrifissures (id1, id1a, id2, is1, idl3, idl4, idm5, idm6) ; muscle-marks (sigilla) visible on podosoma; length of dorsal setae: setae j1 34 32 (29-34), j3 28 27 (26-28), j4 11 9 (7-11), j5 ? 7 (5-10), j6 ? 7 (5-10) J2 14 10 (7-14), J5 6 5 (4-6), z2 17 15 (14-17), z4 17 18 (17-19), z5 11 8 (7-11), Z1 13 10 (8-13), Z4 15 13 (10) (11) (12) (13) (14) (15) , Z5 60 60 (60-60), s4 29 27 (24-29), S2 18 15 (12-18), S4 25 21 (18-25), S5 26 22 (19-26), r3 14 17 (14-19), R1 ? 12 (11-13). All setae smooth, except Z5 slightly serrate.
Peritreme ( Figure 4A ). Peritreme extending over z2, peritrematic shield smooth, lightly sclerotized, with one pair of solenostomes (gd3), one pair of lyrifissures (id3).
Venter (Figures 1, 4B ). Sternal shield smooth, projection of posterior margin invisible, wider than long, 54 61 (54-65) long, 88 89 (88-89) wide at level of st3, with three pairs of setae st1 27 27 (26-27), st2 28 24 (20-28), st3 24 20 (15-24), and two pairs of lyrifissures (pst1, pst2). Exopodal shield at coxae II-IV. Metasternal platelets tear-shaped, with one pair metasternal setae, st4 21 18 (16-21), and one pair of lyrifissures (pst3). Genital shield smooth, 85 87 (82-93) wide at level of genital setae, with one pair of genital setae st5 27 22 (16-27 Chelicera ( Figure 4C ). Movable digit 21 24 (21-27) long, with one tooth; fixed digit 24 24 (24-24) long, anterior half with four teeth, with pilus dentilis.
Spermatheca ( Figure 4D ). Calyx funnel-shaped, 7 7 (7-8) long, 4 4 (3-4) wide, atrium with indistinguible embolus, connect with a major duct, minor duct visible.
Legs ( Figure 5 ). Coxal formula 2-2-2-1. Chaetotaxy (femur to basitarsus): leg I, 2-3/2-2/1-2, 2-2/1-2/1-2, 2-2/1-2/1-2, 1-1/1-1; leg II, 2-3/1-2/1-1, 1-2/0-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg III, 1-2/1-1/0-1, 1-2/1-2/1-0, 1-1/1-2/1-1, 1-1/1-1; leg IV, 1-2/1-1/0-1, 1-2/1-2/0-1, 1-1/1-2/1-0, 1-1/1-1. Specimens examined. CHINA: Chai Wan, Hong Kong, one holotype female (NSMT-Ac-13078) from grass, 18.x.1970, S. Ehara (NSMT) ; TAIWAN: Shoushan National Nature Park, Gushan Dist., Kaohsiung City (22°38.952'N, 120°16.128' E, 156m) , one female (no. 388-1) from Macaranga tanarius (Euphorbiaceae), 11.iii.2010 (Wu 1982) , Guangdong (Chen et al. 1980; Wu 1982; Liang & Ke 1983) , Guangxi (Wu 1982; Liang & Ke 1983) , Hainan (Wu et al. 1997) , Hong Kong (Ehara & Lee 1971) , Hunan (Wu 1982) , Jiangsu (Wu 1982; Liang & Ke 1983) , Jiangxi (Wu 1982) , Sichuan (Wu 1982; Liang & Ke 1983) ), Taiwan (present study), Thailand (Ehara & Bhandhufalck 1977; Oliveira et al. 2012 ).
Remarks. Euseius nicholsi (Ehara & Lee) is reported for the first time for Taiwanese fauna. This species is widely distributed in Southern China, and also a dominated biological control agent for spider mites (e.g. Panonychus citri McGregor, Eotetranychus kankitus Ehara) in citrus orchard (Wu et al. 2009 ). However, only two specimens have been found in Southern Taiwan and the biological control potential of this species needs further investigations. Liao et al. (2017a) reported that Taiwanese E. aizawai specimens had two morphological types on the dorsal shield (e.g. anterolateral dorsal shield reticulated and entire dorsal shield reticulated).
After comparing holotypes of E. aizawai (from HUM), E. nicholsi (from NSMT), Chinese specimens of E. nicholsi (from GIABR), and discussing with Dr. Toyoshima (Pers. Comm., January 28, 2018) , these Taiwanese specimens should belong to three different species, including E. aizawai, E. nicholsi, and E. sojaensis. E. aizawai differs from others in having anterolateral reticulation on dorsal shield (the remaining two species strongly reticulated on dorsal shield). E. nicholsi and E. sojaensis could be separated by the lengths of macrosetae. Additionally, Ehara & Lee (1971) reported E. nicholsi is characterized by hook-shaped metapodal platelets. However, we found two slender metapodal platelets are overlapping on the left side, but separated on right side of the holotype of E. nicholsi (NSMT AC-13078) (Figures 3). Ehara & Lee, 1971, Female, A. dorsal 
FIGURES 4. Euseius nicholsi

Female (n=10).
A lightly sclerotized mite. Idiosomal setal pattern: 10A:9B/JV-3:ZV. Dorsum ( Figure 6A ). Dorsal shield most surface strongly reticulated, 336 (314-366) long (j1-J5 level) and 233 (211-256) wide at level of j6, 221 (198-253) wide at level of S4; with five pairs of solenostomes (gd2, gd5, gd6, gd8, gd9) , eight pairs of lyrifissures (id1,id1a , is1, idl3, idl4, idm3, idm5, idm6) ; muscle-marks (sigilla) visible on podosoma; length of setae: j1 29 (24-34), j3 25 (20-33), j4 9 (6-14), j5 8 (6-10), j6 9 (6-11), J2 11 (9-15), J5 6 (4-7), z2 18 (15-21), z4 15 (11-20), z5 9 (6-10), Z1 12 (10-13), Z4 11 (8) (9) (10) (11) (12) (13) (14) (15) , Z5 56 (52-63), s4 26 (22-34), S2 17 (14-21), S4 22 (19-26), S5 21 (16-28), r3 13 (9-18), R1 12 (8-13); All setae smooth, except Z5 slightly serrate.
Peritreme ( Figure 6A) . Peritreme over z2 level, peritrematic shield smooth, lightly sclerotized, with one pair of solenostomes (gd3), one pair of lyrifissures (id3).
Venter ( Chelicera ( Figure 6C ). Movable digit 22 (21-25) long, with one tooth; fixed digit 23 (20-27) long, anterior half with four teeth, with pilus dentilis. Spermatheca ( Figure 6D ). Calyx funnel-shaped, 12 (11-13) long, 7 (6-8) wide, minor duct visible.
Legs (Figure 7 ). Coxal formula 2-2-2-1. Chaetotaxy (femur to basitarsus): leg I, 2-3/1-2/2-1, 2-2/1-2/1-2, 2-2/1-2/1-2, 1-1/1-1; leg II, 2-3/2-2/0-1, 1-2/1-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg III, 1-2/1-1/0-1, 1-2/1-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg IV, 1-2/1-1/0-1, 1-2/1-2/0-1, 1-1/1-2/0-1, 1-1/1-1. 
Male (n=5).
A lightly sclerotized mite. Idiosomal setal pattern: 10A:9B/JV-3, 4:ZV-1, 3 . Dorsum ( Figure 8A ). Dorsal shield most surface strongly reticulated, 249 (238-273) long (j1-J5 level) and 190 (176-200) wide at level of j6, 169 (152-189) wide at level of S4; with five pairs of solenostomes (gd2, gd5, gd6, gd8, gd9) , five pairs of lyrifissures (id1, id1a, id4, is1, idl3, idl4) ; muscle-marks (sigilla) visible on podosoma; length of setae: j1 24 (22-28), j3 25 (21-28), j4 7 (6-8), j5 6 (5-8), j6 8 (5-10), J2 8 (6-11), J5 4 (4-5), z2 14 (10-17), z4 12 (8-16), z5 7 (6-9), Z1 9 (8-11), Z4 8 (7-11), Z5 45 (40-50), s4 24 (21-31), S2 15 (13-17), S4 18 (14-26), S5 19 (14-23), r3 11 (8) (9) (10) (11) (12) (13) (14) (15) (16) , R1 12 (9-14); All setae smooth, except Z5 slightly serrate. Ehara, 1964, Female, A. dorsal shield, B. ventral idiosoma, C. chelicera, D. spermatheca. Peritreme ( Figure 8A) . Peritreme over z2 level, peritrematic shield smooth, lightly sclerotized, with one pair of solenostomes (gd3), one pair of lyrifissures (id3).
FIGURES 6. Euseius sojaensis
Venter ( Figure 8B ). Sternogenital shield smooth, slightly lateral reticulated, posterior margin almost straight, longer than wide, 115 (113-117) long, 78 (72-90) wide at level of st5, with five pairs of setae st1 19 (13-23), st2 19 (14-26), st3 19 (17-23), st4 13 (11-17), st5 15 (10-18), and three pairs of lyrifissures (pst1, pst2, pst3) . Distances between st1-st1 53 (49-59), st2-st2 55 (46-61), st3-st3 55 (52-59), st4-st4 49 (48-52), st5-st5 36 (35-39), st1-st5 108 (103-112). Exopodal shield at coxae I-IV. Ventrianal shield subtriangular, slightly reticulated, 99 (87-114 long and 156 (145-177) wide at level of anterior corner, 68 (53-81) wide at level of anus, fused with peritrematic shield cingulum, with three pairs of pre-anal setae, arranged in triangular pattern, solenostome gv3 crscentic, JV1 17 (14-20), JV2 13 (10-18), ZV2 11 (8) (9) (10) (11) (12) (13) (14) (15) (16) ; Pa 8 (7-11), Pst 9 (6-12) on shield. Setae JV5 21 (17-29) on interscutal membrane. All ventral setae smooth. Ehara, 1964, Female, legs A. leg Chelicera ( Figure 8C ). Movable digit 20 (18-21) long, with one tooth; fixed digit 21 (17-23) long, anterior half with three teeth, with pilus dentilis. Spermatodactyl U-shaped, shaft 25 (19-3) long, heel rounded, foot 11 (10-12) long, with expanded toe and lateral thorn-like projection.
FIGURES 7. Euseius sojaensis
Legs (Figure 9 ). Coxal formula 2-2-2-1. Chaetotaxy (femur to basitarsus): leg I, 2-3/1-2/2-1, 2-2/1-2/1-2, 2-2/1-2/1-2, 1-1/1-1; leg II, 2-3/2-2/0-1, 1-2/1-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg III, 1-2/1-1/0-1, 1-2/1-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg IV, 1-2/1-1/0-1, 1-2/1-2/0-1, 1-1/1-2/0-1, 1-1/1-1. .122' N, 121°16.512' E, 1185m), three females (no. 1591-2, 7, 9) from Debregeasia orientalis (Urticaceae), 31.xii.2015, J.R. Liao (NTU) . Distribution. Asia: Japan (Ehara 1964; Ohno et al. 2012) , Taiwan (present study). (Ehara) is reported for the first time for Taiwanese fauna. This species is distributed in Japan (e.g. Honshu, Shikoku, Kyushu, and Okinawa islands) (Ehara 1964; Ohno et al. 2012; Toyoshima et al. 2018) . Shibao et al. (2004) reported E. sojaensis has potential to be a predator for yellow tea thrips (Scirtothrips dorsalis Hood) in Japanese vineyards. This species is widely distributed in Taiwan. It may have biological control potential in the field, but needs further studies.
Remarks. Euseius sojaensis
As previously mentioned, E. aizawai specimens in Liao et al. (2017a) should be separated to three different species. E. sojaensis could be identified by strongly reticulation on most part of the dorsal shield and 5 pairs of solenostomes on the dorsal shield.
A revised identification key to females of Euseius species from Taiwan 1. Dorsal shield length relatively smaller, c.a. 250 µm; JV1 and JV2 on normal position; only leg IV with macrosetae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 -Dorsal shield length relatively larger, c.a. 350 µm; JV1 and JV2 arranged in tangential row; leg III and leg IV with macrosetae. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2. Calyx of spermatheca long and narrow funnel-shaped, atrium sac-shaped with thick walls. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . circellatus (Wu & Li, 1983 ) -Calyx of spermatheca horn-shaped, atrium c-shaped with a pair of petal-shaped structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .macaranga Liao & Ho, 2017 3. Dorsal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ovalis (Evans, 1953 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Female (three specimen).
A lightly sclerotized mite. Idiosomal setal pattern: 10A:8C/JV-3:ZV. Dorsum ( Figure 10A ). Dorsal shield smooth; 382 (358-406) long (j1-J5 level) and 251 (247-255) wide at level of j6, 230 (230-231) wide at level of S4; seven pairs of solenostomes on dorsal shield, (gd1, gd2, gd4, gd5, gd6, gd8, gd9) , nine pairs of lyrifissures (id2,id3, id4, is1, idm3, idx, idm4, idl4, idm6) ; muscle-marks (sigilla) visible on podosoma; length of setae: j1 28 (27-30), j3 15 (15-15), j4 7 (7-8), j5 7 (6-8), j6 7 (6-8), J2 9 (8-10) , J5 6 (6-7), z2 10 (9-11), z4 8 (6-9), z5 7 (4-11), Z1 9 (7-11), Z4 15 (10-18), Z5 17 (16-19) , s4 13 (13-14), S2 12 (11-13), S5 7 (5-9), r3 9 (6-11), R1 8 (7-9). All setae smooth.
Peritreme ( Figure 10A ). Peritreme extending beyond seta j3; peritrematic shield not being fused with dorsal shield anteriorly, with one pair of solenostomes (gd3), one pair of lyrifissures (id3).
Venter ( Figure 10B Chelicera ( Figure 10C ). Movable digit 31 (30-33) long, with one tooth; fixed digit 28 (25-30) long, anterior half with three teeth, with pilus dentilis.
Spermatheca ( Figure 10D ). Calyx cup-shaped, 4 (3-5) long, 8 (7-10) wide, atrium incorporated without neck, with a thin major duct, minor duct visible.
Legs (Figures 11) . Coxal formula 2-2-2-1. Chaetotaxy (femur to basitarsus): leg I, 2-3/1-2/2-2, 1-2/1-1/2-1, 1-2/1-2/2-2, 1-1/1-1; leg II, 2-3/2-2/0-1, 1-2/1-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg III, 1-2/ 1-1/0-1, 1-2/1-2/0-1, 1-1/1-2/1-1, 1-1/1-1; leg IV, 1-2/1-1/0-1, 1-2/0-2/1-1, 1-1/0-2/1-1, 1-1/1-1. 
